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LV ORZDQG YDULHVEHWZHHQDQGJ/+RZHYHU DIWHU WKH:RUOG:DU ,, WKH IHUPHQWDWLRQ





$%( IHUPHQWDWLRQ WR PDNH LW HFRQRPLFDOO\ YLDEOH 2QH DSSURDFK LQYROYHV UHF\FOLQJ RI WKH
IHUPHQWRU HIIOXHQW WR WKH IHUPHQWRU DQG FRQYHUVLRQ RI WKH UHVLGXDO VXJDU WR WKH ILQDO SURGXFW
+RZHYHU UHF\FOLQJ LV VXFFHVVIXO RQO\ ZKHQ WKLV SURFHVV LV FRXSOHG WR WKH WHFKQRORJ\ RI
HIIHFWLYHSURGXFWUHFRYHU\IRUWKHUHPRYDORILQKLELWRU\SURGXFWV6HYHUDOWHFKQLTXHVKDYHEHHQ
XVHG IRU WKH UHFRYHU\ RI $%( IURP WKH IHUPHQWDWLRQ HIIOXHQWV 7KHVH WHFKQLTXHV LQFOXGH
DGVRUSWLRQ OLTXLGOLTXLG H[WUDFWLRQ SHUVWUDFWLRQ JDV VWULSSLQJ PHPEUDQH GLVWLOODWLRQ
SHUYDSRUDWLRQDQGVDOWLQGXFHGSKDVHVHSDUDWLRQ
3HUYDSRUDWLRQ LV NQRZQ WR EH WKH PHPEUDQH WHFKQLTXH ZKLFK SURYLGHV VHOHFWLYH
VHSDUDWLRQ RI RUJDQLFV IURP ZDWHU E\ HYDSRUDWLRQ WKURXJK RUJDQRSKLOLF K\GURSKRELF
PHPEUDQHVDQG WKLVDSSURDFK LVFRQVLGHUHG WREH WKHPRVWSURPLVLQJVHSDUDWLRQ WHFKQRORJ\
IRU WKH UHFRYHU\ DQG SDUWLDO FRQFHQWUDWLRQ RI EXWDQRO DFHWRQH DQG HWKDQRO IURP WKH $%(
IHUPHQWDWLRQ EURWK >@ %RWK SHUIRUPDQFH DQG FRQYHUVLRQ UDWH FDQ EH PDUNHGO\ LQFUHDVHG
ZKHQ DV DQ DOWHUQDWLYH WR WKH FRQYHQWLRQDO EDWFK SURFHVVHV SHUYDSRUDWLRQELRUHDFWRU K\EULG
SURFHVVHVSHUYDSRUDWLRQPHPEUDQHELRUHDFWRUDUHXVHG
1RZDGD\V SHUYDSRUDWLRQ LV SHUIRUPHG LQGXVWULDOO\ ZLWK YDFXXP XVHG IRU FUHDWLRQ DQG





DSSURDFK VHHPV WR EH HQHUJHWLFDOO\ XQIDYRUDEOH EHFDXVH QRW RQO\ $%( EXW DOVR QRQ
FRQGHQVDEOH JDVHV HJ FDUERQGLR[LGH DQGK\GURJHQ DUH SURGXFHGDQGSUHVHQW DWPDUNHG
FRQFHQWUDWLRQVLQWKH$%(IHUPHQWDWLRQPHGLD,QWKLVFDVHWKHXVHRIWKHSHULRGLFDOO\RSHUDWLQJ
YDFXXPSXPSLVQRWDOORZHGDQGVHSDUDWLRQFRVWVDSSHDUWREHKLJKKLJKYDFXXPFRVWV
7R RYHUFRPH WKH GUDZEDFNV RI YDFXXP SHUYDSRUDWLRQ VLQFH  ZH KDYH EHHQ
GHYHORSLQJ D WKHUPRSHUYDSRUDWLRQ 7KHUPR39 DSSURDFK IRU WKH UHPRYDO RI ELREXWDQRO IURP
IHUPHQWDWLRQEURWKV,WVKRXOGEHSRLQWHGRXWWKDWWKH7KHUPR39LVWKHOHDVWLQYHVWLJDWHGPRGH
RI SHUYDSRUDWLRQ ZKHQ WKH SHUPHDWH LV FRQGHQVHG RQ WKH FROG VXUIDFHZLWKLQ WKHPHPEUDQH
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PRGXOHDW WKHDWPRVSKHULFSUHVVXUH+HQFHGLIIHUHQFH LQSDUWLDO SUHVVXUHVEHWZHHQ WKH IHHG
DQG SHUPHDWH VLGHV LV SURYLGHG E\ WKH WHPSHUDWXUH JUDGLHQW DFURVV D PHPEUDQH DQG D
PHPEUDQHPRGXOH7KLVV\VWHPLVVXSSRUWHGE\DFRQGHQVHUDFROGZDOORQWKHSHUPHDWHVLGH
RI WKHPHPEUDQHPRGXOH ZLWK DQ DLU JDS EHWZHHQ DPHPEUDQH DQG D FROG ZDOO 7KLV ZRUN
SUHVHQWVRXUUHFHQWUHVXOWVRQWKHUPRSHUYDSRUDWLRQVHSDUDWLRQRIPRGHOIHUPHQWDWLRQPL[WXUHV
DQG RQ WKH GHYHORSPHQW RI KLJKO\ VHOHFWLYH DQG KLJKO\ SHUPHDEOHPHPEUDQH 37063EDVHG
PDWHULDOVIRUWKHHIIHFWLYHUHFRYHU\RIEXWDQROE\7KHUPR39
7KHUPR39 VHSDUDWLRQ RI DTXHRXV VROXWLRQV RI EXWDQRO WKURXJK WKH 37063EDVHG
PHPEUDQHVZDVVWXGLHGDW YDU\LQJSURFHVVSDUDPHWHUV DLU JDSGLVWDQFH WKH WHPSHUDWXUHRI
FROG ZDOO WKH WHPSHUDWXUH RI IHHG PL[WXUH FRQFHQWUDWLRQ RI EXWDQRO LQ WKH IHHG PL[WXUH
PHPEUDQH WKLFNQHVV)LJXUHVDQGVKRZVRPHW\SLFDOH[SHULPHQWDO UHVXOWV(TXDWLRQV IRU
WKH 7KHUPR39 SURFHVV DUH GHULYHG DFFRUGLQJ WR WKH XQLGLPHQVLRQDO PRGHO RI UHVLVWDQFH
'LIIXVLRQ FRHIILFLHQWV DQG SDUWLWLRQ FRHIILFLHQWV RI EXWDQRO DQG ZDWHU LQ WKH PHPEUDQH DUH
HVWLPDWHGIURPWKHPHDVXUHGSDUWLDOIOX[HVOLQHDUILHOGVRIWHPSHUDWXUHDQGFRQFHQWUDWLRQRIWKH




EXWDQRO LQ WKH SHUPHDWH SORWWHG
DJDLQVW WKH WHPSHUDWXUH RI WKH IHHG
PL[WXUH &RQGHQVDWLRQ WHPSHUDWXUH





EXWDQRO LQ WKH SHUPHDWH SORWWHG
DJDLQVW WKH FRQGHQVDWLRQ
WHPSHUDWXUHFROGZDOO7HPSHUDWXUH
RI WKH IHHG PL[WXUH LV ɌIHHG   ɋ
WKH PHPEUDQH WKLFNQHVV LV  P




ZH GHYHORSHG D QHZ RUJDQRSKLOLF PHPEUDQH PDWHULDO EDVHG RQ WKH EOHQGV RI 37063 DQG
SRO\GLPHWK\OVLOPHWK\OHQH 3'060 'XH WR WKH LQFRUSRSUDWLRQ RI  ZW  RI 3'060 WR
37063PHPEUDQHSHUPHDELOLW\DSSHDUV WR LQFUHDVHE\D IDFWRURIDQGVHSDUDWLRQ IDFWRU
IRU WKH EXWDQROZDWHU PL[WXUH LQFUHDVHV IURP  WR  7KHUP39 VHSDUDWLRQ RI WKH





GHYHORSHG 37063EDVHG PHPEUDQHV WKH SHUPHDWH IOX[ H[FHHGV  NJP K DW WKH
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7KHDXWKRUVJUDWHIXOO\DFNQRZOHGJHWKHVXSSRUWRIWKH0LQLVWU\RI(GXFDWLRQDQG6FLHQFH












.H\ZRUGV EXWDQRO WKHUPRSHUYDSRUDWLRQ 370633'060 QDQRFRPSRVLWHV SURGXFW
UHFRYHU\
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